



















ournal of Optometry (2021) 14, 58--68
www.journalofoptometry.org
RIGINAL ARTICLE
he  profile  of  astigmatism  in 6--12-year-old  children  in
ran
assan Hashemia, Amir Asharlousb, Mehdi Khabazkhoobc, Abbasali Yektad,
ohammad  Hassan Emamiane,∗, Akbar Fotouhi f
Noor  Research  Center  for  Ophthalmic  Epidemiology,  Noor  Eye  Hospital,  Tehran,  Iran
Rehabilitation  Research  Center,  Department  of  Optometry,  School  of  Rehabilitation  Sciences,  Iran  University  of  Medical
ciences, Tehran,  Iran
Department  of  Medical  Surgical  Nursing,  School  of  Nursing  and  Midwifery,  Shahid  Beheshti  University  of  Medical  Sciences,
ehran, Iran
Department  of  Optometry,  School  of  Paramedical  Sciences,  Mashhad  University  of  Medical  Sciences,  Mashhad,  Iran
Ophthalmic  Epidemiology  Research  Center,  Shahroud  University  of  Medical  Sciences,  Shahroud,  Iran
Department  of  Epidemiology  and  Biostatistics,  School  of  Public  Health,  Tehran  University  of  Medical  Sciences,  Tehran,  Iran
eceived 14  June  2019;  accepted  16  March  2020








Purpose:  To  determine  the  prevalence  of  astigmatism  and  its  determinants  in  schoolchildren
aged 6--12  years.
Methods:  The  students  selected  by  stratified  cluster  random  sampling  in  Shahroud,  north  of
Iran. Optometric  examination  included  uncorrected  visual  acuity,  refraction  with  autorefrac-
tometer,  manifest  refraction  with  retinoscopy  followed  by  subjective  and  cycloplegic  refraction
(after two  drops  of  cyclopentolate  1%  with  5  min  interval  were  instilled  in  each  eye).
A cylinder  power  ≥0.75  diopter  (D)  in  at  least  one  eye  was  considered  as  astigmatism.  The
prevalence  of  astigmatism  was  reported  based  on  a  cylinder  power  higher  than  0.50,  1.00,  and
2.00 D  in  cycloplegic  refraction,  followed  by  power  vector  analysis.
Results:  After  applying  the  inclusion  criteria,  the  data  of  5528  children  were  analyzed.  The
prevalence  of  astigmatism  was  16.7%  (95%  CI:  15.6--17.7)  in  total,  16.6%  (95%  CI:  15.2--18.0)
in boys  and  16.8%  (95%  CI:  15.2--18.3)  in  girls  (p  =  0.920)  and  decreased  from  21.5%  in  6-year-
old children  to  13.7%  in  10-year-olds,  and  then  again  increased  to  18.3%  in  children  aged  12
years. Moreover,  17.2%  (95%  CI:  16.0--18.3)  of  urban  and  12.1%  (95%  CI:  10.0--14.1)  of  rural
children had  astigmatism  (p  <  0.001).  The  prevalence  of  with-the-rule,  against-the-rule,  and
oblique astigmatism  was  14.2%,  2.1%,  and  0.33%,  respectively.  The  mean  cylinder  power  was
−1.31, −0.46,  and  −0.44  D  in  children  with  spherical  myopia,  emmetropia,  and  hyperopia,
respectively  (p  <  0.001).  Urban  students  had  a  higher  J0 and  boys  had  a  higher  J45.∗ Corresponding author at: 7 Tir SQ, Shahroud University of Medical Sciences, Shahroud, Iran.
E-mail address: emamian@shmu.ac.ir (M.H. Emamian).
ttps://doi.org/10.1016/j.optom.2020.03.004
888-4296/© 2020 Spanish General Council of Optometry. Published by Elsevier España, S.L.U. This is an open access article under the CC
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Astigmatism  in  schoolchildren  59
Conclusion:  The  prevalence  of  astigmatism  in  this  study  was  lower  than  previous  studies.  Astig-
matism prevalence  was  markedly  higher  in  urban  children.
© 2020  Spanish  General  Council  of  Optometry.  Published  by  Elsevier  España,  S.L.U.  This  is  an














































Uncorrected  refractive  errors  comprise  43%  of  visual  impair-
ment  worldwide.1 Astigmatism  is  one  of  the  most  important
refractive  errors.  Its  prevalence  is  different  in  various  parts
of  the  world  according  to  age,  sex,  ethnicity,  and  geograph-
ical  location.2--6 Astigmatism  is  important  from  different
aspects  of  vision  and  its  development.  First,  it  may  cause  dif-
ferent  symptoms  such  as  blur,  asthenopia  and  headache.7,8
Second,  the  presence  of  marked  astigmatism  during  the
development  of  the  visual  system  can  cause  meridional
amblyopia  in  children.9,10 Finally,  this  type  of  refractive
error  may  disturb  emmetropization  due  to  producing  a
blurred  image  on  the  retina.11,12 Other  studies  have  shown
that  uncorrected  astigmatism  can  result  in  the  formation
or  progression  of  myopia,  as  well.11,13,14 Most  changes  due
to  astigmatism  and  its  effects,  especially  its  amblyogenic
and  myopigenic  nature,  are  observed  in  individuals  under
15  years  of  age.9,15,16
The  prevalence  of  astigmatism  has  been  reported  30--75%
in  different  age  groups.17--20 Few  studies  have  been  con-
ducted  in  the  age  group  6--15  years  worldwide.  The
prevalence  of  astigmatism  is  less  than  25%  in  the  majority
of  these  studies.17,21--23 Similar  studies  have  been  conducted
in  Iran,  as  well.  According  to  these  studies,  the  prevalence
of  astigmatism  in  Iranian  children  was  less  than  20%.2,4,24
However,  one  study  reported  a  prevalence  of  45.3%  in  chil-
dren  aged  7--15  years,25 which  is  much  higher  than  previous
reports  from  Iran  and  other  countries.  The  highest  preva-
lence  in  this  age  range  was  about  42%  in  a  study,  conducted
in  China.26 Therefore,  the  reported  prevalence  from  Iran  is
the  highest  prevalence  in  the  world,  and  this  study  is  among
few  studies  that  reported  a  prevalence  of  more  than  25%  in
children  below  15  years  of  age.  A  previous  study  in  Shahroud
showed  that  1  in  every  2  adults  had  astigmatism,  which  is
a  high  prevalence  in  adults.27 It  must  be  noted  that  when
comparing  different  studies  the  criteria  of  astigmatism  and
the  method  and  accuracy  of  measurement  must  be  taken
into  account.  The  limited  number  of  studies  on  astigmatism
in  children  and  its  high  prevalence  in  adults  in  Shahroud
encouraged  us  to  investigate  the  prevalence  of  astigmatism
in  Shahroud  children.  The  results  can  be  useful  for  preven-
tion  of  astigmatism  in  children  around  the  world.  The  aim
of  this  study  was  to  investigate  the  prevalence  of  different
types  of  astigmatism  in  children  aged  6--12  years  old  in  an
Iranian  population.Methods
The  primary  school  children  of  Shahroud,  north  of  Iran,  were




015.  Considering  the  limited  rural  population,  all  rural  stu-
ents  were  invited  to  participate  in  the  study,  and  a  census
as  conducted  in  the  villages.  In  urban  areas,  since  the  num-
er  of  students  varied  in  different  schools,  cluster  random
ampling  was  done.  In  general,  there  were  473  clusters  in
rban  areas  of  which  200  were  selected  through  systematic
andom  sampling.28
After  selecting  the  students  and  contacting  their  par-
nts,  they  were  invited  to  participate  in  the  study.  Among
624  selected  children,  5620  participated  in  the  study.
pon  receiving  parental  informed  consent,  the  children
ere  transported  to  the  clinic  for  examinations  on  a  pre-
nnounced  day.  All  examinations  were  performed  in  one
lace.  After  applying  the  exclusion  criteria,  the  final  analysis
as  performed  on  the  data  of  5528  children.  Having  his-
ory  of  any  ocular  surgery  (including  intraocular,  refractive,
rauma  and  strabismus  surgeries),  having  any  inflammatory
nd  infectious  disease  in  the  cornea  and  keratoconus  were
onsidered  as  exclusion  criteria.  Children  with  pathological
yopia,  high  hyperopia,  ptosis,  tropia,  congenital  cataract
nd  pterygium  also  removed  from  analysis.  The  eyes  with
phere  power  higher  than  6  diopter  (high  hyperopia)  or
ower  than  −10  diopter  (pathological  myopia)  also  removed
or  investigation  of  astigmatism  with  spherical  refractive
rrors.
xaminations
irst,  non-cycloplegic  auto  refraction  was  done  for  all  stu-
ents  using  the  Nidek  ARK-510A  autorefractokeratometer
Japan)  by  an  experienced  operator.  Then,  the  results
f  auto  refraction  were  refined  with  the  Heine  Beta
etinoscope  (HEINE  Optotechnic,  Hersching,  Germany)  and
SD  trial  lenses  (MSD  Meniscus  Trial  Lenses,  Italy).  In
ach  stage,  first  the  right  eye  and  then  the  left  eye
ere  examined  and  their  results  were  recorded.  Finally,
ubjective  refraction  was  done  for  all  patients  and  the
esult  of  subjective  refraction  with  best  corrected  visual
cuity  was  recorded.  The  subjective  process  in  this
tudy  included  different  stages  comprising  starting  spher-
cal  check,  astigmatic  refinement,  monocular  spherical
ndpoint,  spherical  equalization  (bi-ocular  balance)  and
nally  binocular  spherical  endpoint.  To  refine  cylinder,
e  applied  Jackson  cross-cylinder.  First,  axis  orienta-
ion  and  then  the  power  of  cylinder  was  checked  and
efined.After  subjective  refraction,  three  drops  of  cyclopento-
ate  1%  with  5  min  interval  were  instilled  in  each  eye.  The
efraction  was  performed  using  autorefractometer  after  half















































































−2.00  D  increased  in  a  non-linear  fashion  from  2.0%  in  6
year-old-children  to  3.6%  in  12-year-olds  (p  <  .0001).
Table  4  shows  the  prevalence  of  different  types  of  astig-








n  this  study,  the  cylinder  power  was  recorded  as  a  neg-
tive  value.  The  cylinder  power  was  calculated  based  on
ycloplegic  refraction.  A  cylinder  power  ≥0.75  diopter  (D)
n  at  least  one  eye  was  used  to  calculate  the  prevalence
f  astigmatism.  Moreover,  to  show  the  severity  of  astigma-
ism,  cylinder  powers  more  than  1  and  2  D  in  at  least  one
ye  were  reported.  With-the-rule  (WTR)  astigmatism  was
efined  as  a  cylinder  power  of  at  least  0.75  D  with  the  axis
alling  between  1◦ and  30◦ or  150◦ and  180◦. Against-the-rule
ATR)  astigmatism  was  defined  as  a  cylinder  power  of  at  least
.75  D  with  the  axis  falling  between  60◦ and  120◦.4,29 Other
stigmatic  children  with  a  cylinder  power  of  at  least  0.75  D
ho  did  not  match  the  definitions  of  ATR  and  WTR  astigma-
ism  were  categorized  as  having  oblique  astigmatism.
Since  astigmatism  has  a  vectorially  nature  and  is  defined
y  two  variables  of  power  and  axis,  vector  analyses  were
onducted,  as  well.  J0 vector  which  is  the  vertical  and  hori-
ontal  components  and  J45 which  is  the  oblique  component
f  astigmatism  were  calculated  for  all  eyes.  The  following













For  all  vector  analysis,  because  the  correlation  between
ellow  eyes  was  high  (correlation  coefficient  =  0.869),  the
ight  eye  was  used  based  on  cycloplegic  refraction.  The
esults  of  right  eye  were  used  for  all  the  comparisons
etween  astigmatism  and  spherical  refractive  errors.
tatistical  analysis
he  prevalence  of  astigmatism  is  reported  as  percentage
long  with  its  95%  confidence  interval  (CI).
The  mean  values  of  J0 and  J45 vectors  were  calculated  for
he  whole  population  and  also  according  to  different  age  and
ex  groups.
The  sampling  weight  was  considered  for  calculating  the
revalence  of  astigmatism,  and  the  design  effect  was  con-
idered  for  calculating  the  standard  error  and  95%  CI.  Since
he  variable  of  astigmatism  was  a  binary  variable,  logistic
egression  was  applied  to  investigate  its  correlation  with
ther  variables.
Simple  and  multiple  logistic  regressions  were  used
o  investigate  the  relationships.  Astigmatism  magnitude
0.75  D  was  used  to  evaluate  the  relationship  between
stigmatism  and  other  variables.  The  STATA  software  version
1  was  used  for  data  analysis.
thical  considerationshe  ethics  committee  of  Shahroud  University  of  Medical  Sci-
nces  approved  the  study,  which  was  conducted  in  accord
ith  the  tenets  of  the  Helsinki  Declaration.  All  students’
F
e
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arents  signed  informed  consent  and  all  children  in  the  study
articipated  willingly.
esults
n  this  study,  of  5528  analyzed  subjects,  53.8%  (n  = 2977)
ere  boys  and  46.2%  (n  =  2551)  were  girls.  The  reason  for
his  gender  difference  was  that  the  percentage  of  nonpar-
icipant  girls  (52.2%)  was  higher  than  boys.28 The  mean  age
f  the  children  was  9.23  ±  1.71  years  (range:  6--12  years).
he  mean  age  of  the  boys  and  girls  was  9.27  ±  1.71  and
.19  ±  1.72  years,  respectively  (p  = 0.101).
In  Table  1, the  mean  cylinder  power,  the  mean  J0, J45 and
he  prevalence  of  astigmatism  in  the  right  eye,  defined  by
ylinder  power  ≥0.75  diopter  are  presented  by  the  types  of
efraction.
The  mean  cylinder  power  of  the  participants  based
n  cycloplegic  refraction  was  −0.39  D  (95%  CI:  −0.41  to
0.38  D)  in  right  eye.  Fig.  1  presents  the  distribution  of
ower  vectors  in  right  eye  of  the  participants.  As  shown  in
his  figure,  the  distribution  of  J45 vector  was  normal  while
he  J0 vector  had  mild  skewness  to  the  right.
Table  2  shows  the  prevalence  of  astigmatism  based  on
 cylinder  power  worse  than  −0.50,  −1.00,  and  −2.00  D
ccording  to  age,  sex,  and  living  place.  The  prevalence  of
stigmatism  based  on  a  cylinder  power  worse  than  −0.50  D
as  16.7%  (95%  CI:  15.6--17.1).  Logistic  regression  analy-
is  showed  no  difference  in  the  prevalence  of  astigmatism
etween  boys  and  girls  (p  =  .897).
There  was  a  nonlinear  relationship  between  age  and
stigmatism.  The  prevalence  of  astigmatism  worse  than
0.50  D  was  21.5%  in  6-year-old  children  which  decreased  to
3.7%  in  10-year-olds  but  then  increased  to  18.3%  in  children
ged  12  years.  Table  3  shows  the  association  of  age,  gender
nd  residence  place  with  astigmatism  in  logistic  regression
odels.
According  to  Tables  2  and  3, the  prevalence  of  astigma-
ism  was  significantly  higher  in  urban  children  (p  <  .0001).
Astigmatism  worse  than  2.00  D  was  seen  in  2.5%  (95%
I:  2.1--2.9)  of  the  children  with  no  significant  difference
etween  boys  and  girls  (p  =  .296).  Astigmatism  worse  than-1.0 -0.5 0.0 0.5
J45
1.0 1.5
ig.  1  Joint  distribution  of  power  vectors  (diopter)  of  right
ye in  schoolchildren  of  Shahroud,  Iran,  2015.
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Table  1  The  cylinder  power,  astigmatism  vectors  and  prevalence  of  astigmatism  (cylinder  power  ≥0.75  diopter  in  right  eye)
by type  of  refraction  in  6--12  years  old  children,  Shahroud,  Iran,  2015.
Refraction  types  Cylinder  power  (diopter)  J0 vector  J45 vector  Prevalence  of  astigmatism
Mean (95%  CI)  Mean  (95%  CI)  Mean  (95%  CI)  %  (95%  CI)
Autorefraction
Cycloplegia  −0.44  (−0.46  to  −0.43)  0.136  (0.127  to  0.145)  0.014  (0.010  to  0.018)  16.6  (15.6--17.7)
Non-cycloplegia  −0.41  (−0.43  to  −0.39)  0.085  (0.076  to  0.094)  0.009  (0.005  to  0.013)  14.0  (13.0--14.9)
Retinoscopy
Cycloplegia  −0.39  (−0.41  to  −0.38)  0.126  (0.117  to  0.135)  0.009  (0.006  to  0.013)  13.3  (12.3--14.2)
Non-cycloplegia  −0.39  (−0.40  to  −0.37)  0.124  (0.115  to  0.132)  0.009  (0.006  to  0.012)  13.0  (12.1--14.0)
Subjective refraction −0.31 (−0.32  to  −0.29) 0.104  (0.096  to  0.112) 0.009  (0.006  to  0.012)  12.5  (11.6--13.5)
Table  2  The  prevalence  of  astigmatism  (in  at  least  one  eye)  in  schoolchildren  by  three  definition,  Shahroud,  Iran,  2015.
Independent  variables n  Cylinder  power  <  −0.5  D  Cylinder  power  <  −1  D  Cylinder  power  <  −2  D
% (95%  CI) %  (95%  CI) %  (95%  CI)
Gender
Female  2551  16.8  (15.2--18.3)  6.3  (5.2--7.3)  2.7  (2.1--3.3)
Male 2977  16.6  (15.2--18.0)  6.5  (5.6--7.3)  2.3  (1.7--2.8)
Region
Urban 4393  17.2  (16.0--18.3)  6.5  (5.8--7.3)  2.5  (2.1--3.0)
Rural 1135  12.1  (10.0--14.1)  5.1  (3.7--6.5)  2.0  (1.1--3.0)
Age
6 220  21.5  (16.3--26.7)  5.0  (2.3--7.7)  2.0  (0.2--3.8)
7 831  18.1  (15.5--20.7)  6.1  (4.4--7.8)  1.8  (0.9--2.6)
8 996  18.0  (15.6--20.5)  8.1  (6.1--10.1)  2.9  (1.8--4.0)
9 1050  16.5  (13.9--19.3)  6.0  (4.3--7.6)  2.9  (1.7--4.0)
10 880  13.7  (11.4--16.0)  4.3  (3.2--5.5)  1.9  (1.0--2.8)
11 924  14.9  (12.6--17.1) 6.2  (4.7--7.6)  2.0  (1.1--2.9)
12 627  18.3  (15.5--21.1)  8.3  (5.9--10.7)  3.6  (2.2--5.0)
Total 5528  16.7  (15.6--17.7)  6.4  (5.7--7.1)  2.5  (2.0--2.9)
CI: confidence interval.
Table  3  The  association  of  astigmatism  with  gender,  age  and  living  region  in  schoolchildren,  Shahroud,  Iran,  2015.
Independent  variables  Simple  logistic  regression  Multiple  logistic  regression
OR  (95%  CI)  p-Value  OR  (95%  CI)  p-Value
Gender  (male  =  1/female  =  0)  0.99  (0.86--1.15)  0.897  --  --
Region (rural  =  1/urban  =  0)  0.66  (0.54--0.82)  <0.001  0.65  (0.53--0.80)  <0.001
Age (year)
6  1  1
7 0.81  (0.56--1.17)  0.251  0.78  (0.54--1.12)  0.180
8 0.80  (0.57--1.14)  0.219  0.78  (0.55--1.10)  0.151
9 0.73  (0.50--1.04)  0.084  0.70  (0.49--1.00)  0.053
10 0.58  (0.40--0.83)  0.004  0.56  (0.39--0.80)  0.002
11 0.64  (0.45--0.91)  0.013  0.61  (0.43--0.87)  0.006
12 0.82  (0.57--1.17)  
CI: confidence interval; OR: odds ratio.the  students  had  WTR,  2.1%  (95%  CI:  1.7--2.5)  had  ATR,  and
0.3%  (95%  CI:  0.2--0.5)  had  oblique  astigmatism.  In  general,
WTR,  ATR,  and  oblique  astigmatisms  were  observed  in  84.9%,




0.263  0.78  (0.55--1.12)  0.179Multiple  logistic  regression  showed  that  WTR  astigma-
ism  was  more  prevalent  in  urban  students  (OR  =  0.62,  95%
I:  0.49--0.76)  (p  <  .0001)  and  younger  ages  (OR  =  0.92,  95%
I:  0.87--0.96).  ATR  astigmatism  was  significantly  associated
62  H.  Hashemi  et  al.
Table  4  Prevalence  (%)  of  with-the-rule  (WTR),  against-the-rule  (ATR),  and  oblique  astigmatism  according  to  the  age,  gender
and residence  place,  Shahroud,  Iran,  2015.
Independent  variables  WTR  ATR  Oblique
% (95%  CI)  %  (95%  CI)  %  (95%  CI)
Gender
Female  14.5  (13.1--15.9)  1.9  (1.3--2.4)  0.4  (0.1--0.6)
Male 14.0  (12.7--15.2)  2.3  (1.8--2.9)  0.3  (0.1--0.5)
Region
Urban 14.7  (13.6--15.8)  2.2  (1.7--2.6)  0.3  (0.1--0.5)
Rural 9.8  (8.0--11.6)  1.9  (1.0--2.7)  0.4  (0.1--0.8)
Age
6 19.6  (13.9--25.2) 1.4  (0.2--3.6) 0.6  (0.3--1.7)
7 16.5  (14.0--19.1)  1.2  (0.5--1.9)  0.3  (0.2--0.7)
8 15.7  (13.3--18.0)  2.2  (1.3--3.0)  0.2  (0.2--0.5)
9 14.8  (12.4--17.1)  1.6  (0.7--2.4)  0.2  (0.2--0.5)
10 10.8  (8.7--13.0)  2.3  (1.3--3.3)  0.6  (0.2--1.0)
11 12.0  (9.8--14.3)  2.4  (1.3--3.5)  0.4  (0.0--0.8)
12 14.3  (11.8--16.8)  3.7  (2.3--5.2)  0.3  (0.2--0.6)


















ith  an  increase  in  age  (OR  =  1.19,  95%  CI:  1.06--1.34).
blique  astigmatism  had  no  significant  association  with  age,
ex,  and  residence  place.
ower  vector  analyses
able  5  presents  the  mean  values  of  J0 and  J45 vectors  based
n  cycloplegic  refraction  for  the  whole  population  and  also
ccording  to  different  age  and  sex  groups  in  right  eye.The  association  of  other  independent  variables  and
ower  vectors  in  simple  and  multiple  linear  regression
odels  are  shown  in  Table  6.  According  to  the  results  of





Table  5  The  mean  (95%  confidence  intervals)  of  J0 and  J45 in  cy
place in  schoolchildren,  Shahroud,  Iran,  2015.
Independent  variables  J0 (diopter)  
Gender
Male  0.120  (0.108  to  0
Female 0.132  (0.121  to  0
Region
Urban 0.129  (0.120  to  0
Rural 0.093  (0.075  to  0
Age
6 0.169  (0.133  to  0
7 0.153  (0.133  to  0
8 0.148  (0.129  to  0
9 0.133  (0.114  to  0
10 0.102  (0.084  to  0
11 0.092  (0.072  to  0
12 0.114  (0.088  to  0
Total children  0.126  (0.117  to  0ecreased  significantly  with  age.  J45 was  only  significantly
ssociated  with  sex  and  boys  had  a  higher  J45 (p  <  .0001).
stigmatism  and  spherical  refractive  error
ig.  2  presents  cylinder  power  changes  according  to  the
everity  of  sphere.  According  to  the  results,  the  highest
mount  of  astigmatism  in  myopic  subjects  worse  than  −4.5  D
as  about  2.4  D,  the  amount  of  astigmatism  decreased  with
 decrease  in  spherical  refractive  error,  and  the  lowest
mount  of  astigmatism  (0.35  D)  was  seen  in  subjects  with
 spherical  refractive  error  of  about  1  D;  then,  with  an
cloplegic  refraction  according  to  gender,  age  and  residence
J45 (diopter)
.133)  0.019  (0.015  to  0.023)
.144)  −0.002  (−0.006  to  0.003)
.139)  0.009  (0.005  to  0.013)
.111)  0.014  (0.006  to  0.021)
.206)  0.011  (−0.0001  to  0.022)
.172)  0.009  (−0.0009  to  0.019)
.167)  0.010  (0.002  to  0.017)
.153)  0.011  (0.004  to  0.019)
.121)  0.009  (0.002  to  0.016)
.111)  0.005  (−0.002  to  0.012)
.141)  0.013  (0.0003  to  0.026)











Simple  linear  regression Multiple  linear  regression Simple  linear  regression Multiple  linear  regression
Coefficients  (95%  CI) p-Value Coefficients  (95%  CI) p-Value Coefficients  (95%  CI) p-Value Coefficients  (95%  CI) p-Value
Gender
Male/female
−0.012  (−0.029  to  0.005) .156 −0.011  (−0.027  to  0.005) .171 0.021  (0.014  to  0.027) <.0001 0.021  (0.014  to  0.027) <.0001
Region
Rural/urban
−0.036 (−0.056  to  −0.016) .0001 −0.041  (−0.060  to  −0.021) <.0001 0.005  (−0.004  to  0.013)  .289  0.005  (−0.003  to  0.014)  .271
Age (year)
6  Reference  group  --  Reference  group  --  Reference  group  --  Reference  group  --
7 −0.017  (−0.056  to  0.023)  .414  −0.021  (−0.060  to  0.019)  .305  −0.002  (−0.017  to  0.013)  .811  −0.0003  (−0.015  to  0.014)  .971
8 −0.022  (−0.064  to  0.020)  .309  −0.026  (−0.067  to  0.015)  .219  −0.001  (−0.015  to  0.012)  .873  0.0001  (−0.012  to  0.012)  .996
9 −0.036  (−0.077  to  0.006)  .091  −0.040  (−0.081  to  0.001)  .056  0.001  (−0.013  to  0.014)  .939  0.001  (−0.010  to  0.013)  .824
10 −0.067  (−0.108  to  −0.026)  .001  −0.071  (−0.110  to  −0.031)  .001  −0.002  (−0.015  to  0.011)  .788  −0.002  (−0.014  to  0.010)  .722
11 −0.078  (−0.119  to  −0.036)  <.0001  −0.082  (−0.123  to  −0.042)  <.0001  −0.006  (−0.019  to  0.007)  .392  −0.005  (−0.017  to  0.007)  .414
12 −0.055  (−0.100  to  −0.010)  .017  −0.060  (−0.104  to  −0.015)  .009  0.002  (−0.015  to  0.019)  .810  0.003  (−0.012  to  0.018)  .685





































































ig.  2  Mean  and  95%  confidence  interval  (CI)  of  cylinder
ower  in  right  eye  according  to  spherical  refractive  errors,
hahroud,  Iran,  2015.
ncrease  in  hyperopia,  the  cylinder  power  again  increased
o  about  1.6  D  in  subjects  with  hyperopia  worse  than  4 D.
Fig.  3  presents  the  relationship  between  spherical  refrac-
ive  error  and  different  astigmatic  axes  in  individuals  with
stigmatism  in  right  eye.  With  an  increase  in  spherical
efractive  error,  WTR  astigmatism  increased.  The  highest
revalence  of  ATR  astigmatism  was  seen  in  emmetropic  chil-
ren.
Fig.  4  shows  the  association  of  J0 and  J45 in  different
pherical  powers  in  right  eye  by  scatter  plot  and  quadratic
tted  lines.  In  a  non-linear  pattern  The  J0 increased  by  mov-
ng  spherical  power  from  zero.  The  highest  J0 and  J45 were
een  in  individuals  with  myopia  more  than  4.5  D.  However,
45 did  not  change  markedly  in  different  spherical  powers.iscussion
his  is  one  of  the  few  studies  on  the  prevalence  of  astig-




































ig.  3  The  percentage  of  different  types  of  astigmatism  (WTR:  w
pherical refractive  errors  in  6  to  12-year-old  children,  Shahroud,  Irstigmatism  power  vectors  (J0 and  J45)  of  right  eye  in  school
hildren  of  Shahroud,  Iran,  2015.
revalence  of  different  types  of  astigmatism  and  its  changes
ith  factors  such  as  age,  sex,  and  spherical  refractive  errors
n  a  mixed  sample  of  urban  and  rural  children.  The  most
ommon  form  of  astigmatism  in  this  study  was  WTR  fol-
owed  by  ATR  astigmatism.  Oblique  astigmatism  had  the
owest  prevalence  in  the  study  population.  The  prevalence
f  WTR  decreased  and  the  prevalence  of  ATR  increased  with
ncrease  in  age  while  the  prevalence  of  oblique  astigmatism
id  not  change  significantly.  Since  all  findings  have  been  also
eported  in  previous  studies,3,25,30 we  do  not  address  them
ere.
In  this  study  16.7%  of  the  children  had  at  least  0.50  D
stigmatism.  Studies  on  the  prevalence  of  astigmatism
n  similar  age  groups  have  reported  a  prevalence  of
2--21%.6,24,31 These  results  are  consistent  with  our  find-
ng.  A  study  was  conducted  on  children  aged  6--15  years
n  an  Iranian  city  (Dezful)  recently25 which  showed  a
revalence  of  45.3%  for  astigmatism  that  is  markedly
igher  than  our  finding  and  the  results  of  most  previous
tudies.  Since  the  definitions  were  rather  similar  in  this
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Astigmatism  in  schoolchildren  
methodologies  are  not  very  much  different,  the  marked
difference  may  be  attributed  to  environmental  factors
affecting  astigmatism.17,32,33
Different  studies  have  evaluated  the  prevalence  of  differ-
ent  refractive  errors  in  the  age  group  6--15  years  in  various
parts  of  the  world  whose  results  are  summarized  in  Table  7.
Studies  conducted  in  Poland,43 Malaysia,22 China,34,48 and
Ethiopia49 have  reported  a  markedly  lower  prevalence  of
astigmatism  as  compared  to  current  study.  The  prevalence
of  astigmatism  in  the  above  studies  ranges  from  0.2%  to
3.75%.  However,  the  prevalence  of  astigmatism  is  much
higher  in  children  aged  5--15  years  in  studies  conducted
in  Chile,39 Nepal,30 USA,40 and  China,26 ranging  from  27  to
44%.  The  reason  for  the  difference  may  be  environmental,
genetic,  and  ethnic  differences  in  these  areas.  Numer-
ous  studies  have  shown  the  prevalence  of  astigmatism  is
affected  by  geographical  factors,  living  in  urban  or  rural
areas,  ethnic  differences,  etc.31,50--52
As  mentioned  earlier,  the  prevalence  of  astigmatism  was
21.5%  in  6-year-old  children,  which  decreased  linearly  till
10  years  to  13.7%.  Then,  it  started  to  increase  in  chil-
dren  aged  11  and  12  years,  reaching  18.3%  in  12-year-olds.
The  results  of  other  studies  on  the  prevalence  of  astig-
matsim  are  very  different  depending  on  the  age  range  of
the  participants.4,6,25,31 Although  some  studies  found  no  sig-
nificant  changes  in  the  prevalence  of  astigmatism  in  this
age  group,4 the  majority  of  the  studies  have  reporetd  a
decreasing  trend  for  stigmatism  from  the  neonatal  period
to  adolescence  followed  by  an  increasing  trend  in  middle





Table  7  Comparison  of  the  prevalence  of  astigmatism  in  children




China34 3070  2010  5--15  
China26 4364  2004  5--15  
Taiwan35 11175  2004  7--18  
India(New Dehli)21 6447  2002  5--15  
Nepal30 5067  2000  5--15  
China (shunyi)36 5884  2000  5--15  
India(Andra Pradesh)37 4074  2002  7--15  
Australia38 1765  2006  6--7  
Singapore17 1028  2002  7--9  
Chile (la  Florida)39 5303  2000  5--15  
India23 4029  1997  3--18  ≥
United States40 1740  1997  0--19  ≥
Vauatu41 788  1988  6--19  ≥
Malaysia22 7055  2008  6--12  ≥
Morocco42 5456  2009  6--16  ≥
Poland43 5724  2007  6--18  ≥
Sweden44 143  2006  4--15  
Nepal45 133  2012  5--15  ≥
Turkey46 2106  2013  6--14  ≥
Iran (Shiraz)24 1872  2010  7--15  ≥
Iran (Dezful)25 1375  2015  6--15  
Iran (Khaf)31 2124  2014  0--15  
China47 1783  2019  10--15.6  
Current Study  5528  2019  6--12  
D: Diopter; NA: not available.65
ifferent  from  other  studies,4,6,25,31,33 which  could  be  due
o  genetic  and  environmental  factors.  Although  it  is  hard
o  explain  this  finding,  the  effect  of  near  work  at  this  age
n  astigmatism  and  corneal  changes  may  be  the  probable
easons.53,33,54
The  results  of  this  study  showed  no  difference  in  the
revalence  of  astigmatism  between  boys  and  girls  although
he  results  of  different  studies  in  this  regard  are  contro-
ersial.  Some  studies  have  reported  a  higher  prevalence  in
irls21,37 while  some  other  studies  have  shown  no  gender
reponderance.2,4,17,52,55 Results  also  showed  no  significant
ifference  in  the  prevalence  of  WTR  and  oblique  astigma-
ism  between  boys  and  girls  while  ATR  astigmatism  was  more
revalent  in  boys.
As  mentioned  in  ‘‘Results’’  section,  although  the  J0
howed  no  difference  between  boys  and  girls,  the  mean  J45
as  significantly  higher  in  boys.  In  other  words,  regarding
he  cylindrical  power,  the  horizontal  and  vertical  compo-
ents  of  astigmatism  have  no  relationship  with  gender  while
blique  astigmatism  has  a  higher  power  in  boys.  These
ender-related  differences  in  prevalence  and  magnitude
f  astigmatism  may  indicate  a  possible  sex-linked  inheri-
ance  mode0,33,56 or  different  biometric  indexes  between
wo  sexes.57
Living  in  urban  or  rural  areas  is  an  important  factor  in  the
revalence  of  astigmatism.  The  prevalence  of  astigmatism
s  much  higher  in  studies  conducted  in  urban  populations
f  Iran  [Tehran],6 Chinese  preschool  children,52 Chile,39 and
exico35 in  comparison  with  studies  conducted  in  rural  pop-
lations  of  Iran  [Khaf],31 India  [Andra  Pradesh],37 Nepal,30






≥0.75  3.75  Cycloplegic  autorefraction
≥0.75  42.7  Cycloplegic  autorefraction
≥1.00  18.4  Cycloplegic  autorefraction
≥0.75  9.8  Cycloplegic  autorefraction
≥0.75  3.5  Cycloplegic  autorefraction,
>0.75  9.5  Cycloplegic  autorefraction
≥0.75  5.9  Cycloplegic  autorefraction
≥1.00  4.8  Cycloplegic  autorefraction
≥1.00  19.2  Cycloplegic  refraction
>0.75  27.2  Cycloplegic  autorefraction
 0.50  8.7  NA
 1.00  44.2  NA
 1.00  0.3  NA
 0.75  0.6  Non  cycloplegic  autorefraction
 0.75  3.5  Cycloplegic  retinoscopy
 0.75  4.0  Cycloplegic  retinoscopy
≥0.75  22.0  NA
 0.75  47.0  Cycloplegic  retinoscopy
 0.75  14.3  Cycloplegic  autorefraction
 0.75  11.2  Cycloplegic  autorefraction
≥0.50  45.3  Cycloplegic  autorefraction
≥0.50  14.3  Non-cycloplegic  autorefraction
≥1.00  17.4  Cycloplegic  autorefraction





























































































hina  [Shunyi],58 etc.  The  results  of  most  studies  have  shown
hat  the  prevalence  of  refractive  errors  is  generally  higher  in
he  urban  versus  the  rural  population,  and  the  prevalence  of
stigmatism  is  not  an  exception.  Similar  to  previous  studies,
urrent  study  showed  a  higher  prevalence  of  astigmatism
n  the  urban  versus  the  rural  population.  One  of  the  possi-
le  reasons  may  be  the  higher  prevalence  of  myopia  in  the
rban  population.36,50 As  mentioned  in  ‘‘Results’’  section,
he  prevalence  of  astigmatism  was  higher  in  myopic  individ-
als.  Further  analysis  of  data  confirmed  this  hypothesis  and
evealed  that  prevalence  of  myopia  in  urban  area  (4.8%)  was
ignificantly  higher  than  rural  area  (2.5%,  p  <  .0001).
The  results  showed  that  J0 was  higher  in  urban  areas
hile  no  marked  difference  was  observed  in  J45. Therefore,
t  could  be  concluded  that  vertical  and  horizontal  compo-
ents  of  astigmatism,  i.e.  WTR  and  ATR  astigmatism,  have  a
igher  mean  power  in  urban  areas  while  the  mean  power  of
blique  astigmatism  does  not  change  markedly  according  to
he  place  of  residence.  This  finding  is  most  probably  related
o  spherical  refractive  errors  and  astigmatism  vectors.  Since
0 values  were  higher  in  higher  spherical  refractive  errors,
specially  myopic  spherical  errors,  considering  the  higher
revalence  of  myopia  and  high  myopia  in  urban  areas,36,50
 higher  mean  J0 is  expected  in  urban  areas.  On  the  other
and,  results  showed  no  significant  difference  in  J45 between
rban  and  rural  areas  due  to  its  weak  association  with  dif-
erent  spherical  powers.
The  results  of  this  study  showed  that  with  an  increase  in
pherical  ametropia,  especially  myopia,  the  power  of  cylin-
rical  ametropia  increased,  as  well.  The  lowest  cylindrical
ower  was  observed  in  weak  hypermetropia  and  the  highest
ylindrical  power  was  seen  in  high  myopia.
In  addition,  evaluation  of  the  relationship  of  J0 and  J45
ectors  with  different  values  of  spherical  power  showed
imilar  results.  Contrary  to  J45 vector,  J0 showed  a signifi-
ant  correlation  with  spherical  ametropia;  in  other  words,
0 increased  significantly  with  an  increase  in  the  magnitude
f  spherical  ametropia.
Similar  finding  has  been  reported  in  previous  studies,  as
ell.38,43,47 One  of  the  reasons  for  high  cylinder  powers,
specially  WTR,  in  myopic  patients  may  be  the  relation-
hip  between  a  long  axial  length  and  WTR  astigmatism.44
he  second  reason  for  the  high  prevalence  of  astigmatism
nd  its  higher  cylinder  powers  in  high  myopia  may  be  that
atients  with  myopia,  especially  high  myopia,  squint  for  a
etter  vision,59,60 which  applies  pressure  on  the  cornea  and
ncreases  the  curvature  of  the  vertical  meridian,  resulting
n  more  WTR  astigmatism.60 High  spherical  refractive  errors
ere  mostly  associated  with  WTR  astigmatism  while  the
revalence  of  ATR  astigmatism  increased  with  a  decrease
n  the  spherical  error.  The  results  of  this  study  are  in  line
ith  previous  findings.38,61,62 Farbrother  et  al.62 conducted
 study  on  90884  individuals  to  evaluate  the  relationship
etween  the  astigmatic  axis  and  the  amount  of  spherical
metropia  and  reported  that  an  increase  in  the  spherical
nd  cylindrical  power  increased  the  odds  of  WTR  astigma-
ism.  They  also  showed  that  ATR  astigmatism  was  mostly
een  in  low  ametropia,  especially  low  myopia.  We  found
hat  oblique  astigmatism  had  no  significant  association  with
he  amount  of  spherical  ametropia.  The  results  of  a  study
y  Shih61 on  Taiwanese  children  also  confirmed  a  relation-
hip  between  the  astigmatism  type  and  spherical  ametropia.H.  Hashemi  et  al.
ne  of  the  explanations  for  the  association  between
ow  and  moderate  myopia  and  the  higher  prevalence  of
ncorrected  ATR  astigmatism  may  be  the  theory  of  myopic
hift  during  the  process  of  emmetropization  as  a  result  of
 constant  blurred  retinal  image  due  to  uncorrected  ATR
stigmatism.16,63--65 In  fact,  according  to  this  theory,  the
onstant  blurriness  of  the  retinal  image  in  children  at  the
ges  of  emmetropization  stimulates  the  growth  of  the  axial
ength  and  increases  myopia.
onclusion
he  prevalence  of  astigmatism  in  this  study  was  not  high  in
omparison  with  previous  studies;  however,  its  prevalence
as  markedly  higher  in  urban  children.  The  most  common
nd  the  rarest  type  of  astigmatism  in  our  study  population
as  WTR  and  oblique  astigmatism,  respectively.  The  cylin-
er  power  was  the  lowest  in  children  with  hypermetropia
nd  increased  with  an  increase  in  the  spherical  refractive
rror.  The  prevalence  of  WTR  astigmatism  increased  and  the
revalence  of  ATR  astigmatism  decreased  with  an  increase
n  spherical  ametropia.  Oblique  astigmatism  had  no  signif-
cant  association  with  spherical  ametropia.  There  was  no







hahroud  School  Children  Eye  Cohort  Study  is  funded  by
he  Noor  Eye  Hospital  and  Shahroud  University  of  Medical
ciences  (Project  number:  9329).
eferences
1. Pascolini D, Mariotti SP. Global estimates of visual impairment:
2010. Br J Ophthalmol. 2012;96:614--618.
2. Rezvan F, Khabazkhoob M, Fotouhi A, et al. Prevalence of
refractive errors among school children in Northeastern Iran.
Ophthalmic Physiol Opt. 2012;32:25--30.
3. Ostadimoghaddam H, Fotouhi A, Hashemi H, et al. Prevalence
of the refractive errors by age and gender: the Mashhad eye
study of Iran. Clin Exp Ophthalmol. 2011;39:743--751.
4. Fotouhi A, Hashemi H, Yekta AA, et al. Characteristics of astig-
matism in a population of schoolchildren, Dezful, Iran. Optom
Vis Sci.  2011;88:1054--1059.
5. Liang YB, Wong TY, Sun LP, et al. Refractive errors in a rural Chi-
nese adult population the Handan eye study. Ophthalmology.
2009;116:2119--2127.
6. Hashemi H, Hatef E, Fotouhi A, et al. Astigmatism and its
determinants in the Tehran population: the Tehran eye study.
Ophthalmic Epidemiol. 2005;12:373--381.
7. Lansche RK. Asthenopia caused by ‘‘against-the-rule’’ astig-
matism. Headache. 1966;6:147--151.
Astigmatism  in  schoolchildren  
8. Vilela MA, Castagno VD, Meucci RD, et al. Asthenopia in
schoolchildren. Clin Ophthalmol. 2015;9:1595--1603.
9. Dobson V, Harvey EM, Clifford-Donaldson CE, et al. Ambly-
opia in astigmatic infants and toddlers. Optom Vis Sci.
2010;87:330--336.
10. Harvey EM. Development and treatment of astigmatism-
related amblyopia. Optom Vis Sci. 2009;86:634--639.
11. Shih YF, Ho TC, Chen MS, et al. Experimental myopia in chickens
induced by corneal astigmatism. Acta Ophthalmol (Copenh).
1994;72:597--601.
12. McLean RC, Wallman J. Severe astigmatic blur does not inter-
fere with spectacle lens compensation. Invest Ophthalmol Vis
Sci. 2003;44:449--457.
13. Alward W,  Bender T, Demske J, et al. High prevalence of
myopia among young adult Yupik Eskimos. Can J Ophthalmol.
1985;20:241--245.
14. Gwiazda J, Grice K, Held R, et al. Astigmatism and the devel-
opment of myopia in children. Vision Res. 2000;40:1019--1026.
15. Gwiazda J, Mohindra I, Brill S, et al. Infant astigmatism and
meridional amblyopia. Vision Res.  1985;25:1269--1276.
16. Fulton AB, Hansen RM, Petersen RA. The relation of
myopia and astigmatism in developing eyes. Ophthalmology.
1982;89:298--302.
17. Tong L, Saw SM, Carkeet A, et al. Prevalence rates and epi-
demiological risk factors for astigmatism in Singapore school
children. Optom Vis Sci.  2002;79:606--613.
18. Sawada A, Tomidokoro A, Araie M, et al. Refractive errors in an
elderly Japanese population: the Tajimi study. Ophthalmology.
2008;115, 363--370.e3.
19. Hashemi H, Yekta A, Jafarzadehpur E, et al. High prevalence
of refractive errors in 7 year old children in Iran. Iran J Public
Health. 2016;45:194--202.
20. Rim TH, Kim SH, Lim KH, et al. Refractive errors in Koreans:
The Korea National Health and Nutrition Examination Survey
2008--2012. Korean J Ophthalmol. 2016;30:214--224.
21. Murthy GV, Gupta SK, Ellwein LB, et al. Refractive error in chil-
dren in an urban population in New Delhi. Invest Ophthalmol
Vis Sci.  2002;43:623--631.
22. Hashim SE, Tan HK, Wan-Hazabbah WH, et al. Prevalence of
refractive error in malay primary school children in suburban
area of Kota Bharu, Kelantan, Malaysia. Ann Acad Med Singa-
pore. 2008;37:940--946.
23. Kalikivayi V, Naduvilath TJ, Bansal AK, et al. Visual impair-
ment in school children in southern India. Indian J Ophthalmol.
1997;45:129--134.
24. Yekta A, Fotouhi A, Hashemi H, et al. Prevalence of refractive
errors among schoolchildren in Shiraz, Iran. Clin Exp Ophthal-
mol. 2010;38:242--248.
25. Norouzirad R, Hashemi H, Yekta A, et al. The prevalence of
refractive errors in 6- to 15-year-old schoolchildren in Dezful,
Iran. J Curr Ophthalmol. 2015;27:51--55.
26. He M, Zeng J, Liu Y, et al. Refractive error and visual impair-
ment in urban children in southern china. Invest Ophthalmol
Vis Sci.  2004;45:793--799.
27. Hashemi H, Khabazkhoob M, Yekta A, et al. High prevalence of
astigmatism in the 40- to 64-year-old population of Shahroud,
Iran. Clin Exp Ophthalmol. 2012;40:247--254.
28. Emamian MH, Hashemi H, Khabazkhoob M, et al. Cohort pro-
file: Shahroud Schoolchildren Eye Cohort Study (SSCECS). Int J
Epidemiol.  2019;48:27--127.
29. Hashemi H, Nabovati P, Malekifar A, et al. Astigmatism in
underserved rural areas: a population based study. Ophthalmic
Physiol Opt. 2016;36:671--679.
30. Pokharel GP, Negrel AD, Munoz SR, et al. Refractive error study
in children: results from Mechi Zone, Nepal. Am J Ophthalmol.
2000;129:436--444.
31. Hashemi H, Rezvan F, Yekta AA, et al. The prevalence of astig-
matism and its determinants in a rural population of Iran: the67
‘‘Nooravaran Salamat’’ mobile eye clinic experience. Middle
East Afr J Ophthalmol. 2014;21:175.
32. Ip JM, Huynh SC, Robaei D, et al. Ethnic differences
in refraction and ocular biometry in a population-based
sample of 11--15-year-old Australian children. Eye (Lond).
2008;22:649--656.
33. Read SA, Collins MJ, Carney LG. A review of astigmatism and
its possible genesis. Clin Exp Optom.  2007;90:5--19.
34. Pi LH, Chen L, Liu Q, et al. Refractive status and prevalence
of refractive errors in suburban school-age children. Int J Med
Sci.  2010;7:342--353.
35. Villarreal GM, Ohlsson J, Cavazos H, et al. Prevalence of myopia
among 12-to 13-year-old schoolchildren in northern Mexico.
Optom Vis Sci.  2003;80:369--373.
36. Gao Z, Meng N, Muecke J, et al. Refractive error in school chil-
dren in an urban and rural setting in Cambodia. Ophthalmic
Epidemiol. 2012;19:16--22.
37. Dandona R, Dandona L, Srinivas M, et al. Refractive error in
children in a rural population in India. Invest Ophthalmol Vis
Sci. 2002;43:615--622.
38. Huynh SC, Kifley A, Rose KA, et al. Astigmatism in 12-year-old
Australian children: comparisons with a 6-year-old population.
Invest Ophthalmol Vis Sci. 2007;48:73--82.
39. Maul E, Barroso S, Munoz SR, et al. Refractive error study in
children: results from La Florida, Chile. Am J Ophthalmol.
2000;129:445--454.
40. Pensyl CD, Harrison RA, Simpson P, et al. Distribution of astig-
matism among Sioux Indians in South Dakota. J Am Optom
Assoc. 1997;68:425--431.
41. Garner LF, Kinnear RF, McKellar M, et al. Refraction and its com-
ponents in Melanesian schoolchildren in Vanuatu. Am J Optom
Physiol Opt. 1988;65:182--189.
42. Anera RG, Soler M, de la Cruz Cardona J, et al. Prevalence of
refractive errors in school-age children in Morocco. Clin Exp
Ophthalmol. 2009;37:191--196.
43. Czepita D, Mojsa A, Ustianowska M, et al. Prevalence of refrac-
tive errors in schoolchildren ranging from 6 to 18 years of age.
Ann Acad Med Stetin.  2007;53:53--56.
44. Ninn-Pedersen K. Relationships between preoperative astig-
matism and corneal optical power, axial length, intraoc-
ular pressure, gender, and patient age. J Refract Surg.
1996;12:472--537.
45. Rai SK, Thapa H, Sharma M, et al. The distribution of refractive
errors among children attending Lumbini Eye Institute, Nepal.
J Ophthalmol. 2012;4:90--95.
46. Caca I, Cingu AK, Sahin A, et al. Amblyopia and refractive errors
among school-aged children with low socioeconomic status in
southeastern Turkey. J Pediatr Ophthalmol and strabismus.
2013;50:37--43.
47. Li H, Li SM, Liu LR, et al. Astigmatism and its components in
12-year-old Chinese children: the Anyang Childhood Eye Study.
Br J Ophthalmol. 2019;103:768--774.
48. Congdon N, Wang Y, Song Y, et al. Visual disability, visual
function, and myopia among rural Chinese secondary school
children: the Xichang Pediatric Refractive Error Study (X-
PRES) -- report 1. Invest Ophthalmol Vis Sci. 2008;49:
2888--2894.
49. Mehari ZA, Yimer AW.  Prevalence of refractive errors among
schoolchildren in rural central E thiopia. Clin Exp Optom.
2013;96:65--69.
50. Xu L, Li J, Cui T, et al. Refractive error in urban and rural adult
Chinese in Beijing. Ophthalmology.  2005;112:1676--1683.
51. Hammond CJ, Snieder H, Gilbert CE, et al. Genes and environ-
ment in refractive error: the twin eye study. Invest Ophthalmol
Vis Sci.  2001;42:1232--1236.52. Fan DS, Rao SK, Cheung EY, et al. Astigmatism in Chinese
preschool children: prevalence, change, and effect on refrac-
tive development. Br J Ophthalmol. 2004;88:938--941.
6
567--573.8  
53. Vincent SJ, Collins MJ, Read SA, Carney LG, Yap MK. Corneal
changes following near work in myopic anisometropia. Oph-
thalmic Physiol Opt. 2013;33:15--25.
54. Buehren T, Collins MJ, Carney L. Corneal aberrations and read-
ing. Optom Vis Sci.  2003;80:159--166.
55. Hashemi H, Asharlous A, Yekta A, et al. Enantiomorphism
and rule similarity in the astigmatism axes of fellow eyes: a
population-based study. J Optom.  2019;12:44--54.
56. Clementi M, Angi M, Forabosco P, et al. Inheritance of astig-
matism: evidence for a major autosomal dominant locus. Am J
Hum Genet.  1998;63:825--830.
57. Huang W, Gao X, Li X, et al. Anterior and posterior ocular biom-
etry in healthy Chinese subjects: data based on AS-OCT and
SS-OCT. PLoS One. 2015;10:e0121740.
58. Zhao J, Pan X, Sui R, et al. Refractive error study in chil-
dren: results from Shunyi District, China. Am J Ophthalmol.
2000;129:427--435.
59. Gowrisankaran S, Sheedy JE, Hayes JR. Eyelid squint
response to asthenopia-inducing conditions. Optom Vis Sci.
2007;84:611--619.H.  Hashemi  et  al.
60. Sheedy JE, Truong SD, Hayes JR. What are the visual
benefits of eyelid squinting? Optom Vis Sci.  2003;80:
740--744.
61. Shih YF, Hsiao CK, Tung YL, et al. The prevalence of astig-
matism in Taiwan schoolchildren. Optom Vis Sci.  2004;81:
94--98.
62. Farbrother JE, Welsby JW,  Guggenheim JA. Astigmatic axis is
related to the level of spherical ametropia. Optom Vis Sci.
2004;81:18--26.
63. Pärssinen O, Kauppinen M, Viljanen A. Astigmatism among
myopics and its changes from childhood to adult age: a 23-year
follow-up study. Acta Ophthalmol. 2015;93:276--283.
64. Hirsch MJ. Predictability of refraction at age 14 on the
basis of testing at age 6 -- interim report from the Ojai
Longitudinal Study of Refraction. Optom Vis Sci. 1964;41:65. Gwiazda J, Thorn F, Bauer J, et al. Emmetropization and the
progression of manifest refraction in children followed from
infancy to puberty. Clin Vis Sci.  1993;8:337--344.
